DIET AND TUMOR GROWTH by Woglom, William H.
DIET AND TUMOR GROWTH. 
BY WILLIAM t-I.  WOGLOM,  M.D. 
(From Columbia University, George Crocker Special Research Fund, New York.) 
(Received  for  publication, July 7,  1915.) 
One of the most important among many papers dealing with the 
relations between food and tumor growth was recently published by 
Van Alstyne and Beebe,  1 who found that a  transplantable neoplasm 
known as the Buffalo rat sarcoma grew better when the hosts were 
fed on a diet containing carbohydrates (especially lactose) than when 
they were kept on a  non-carbohydrate regimen, provided that these 
substances were administered continuously for several weeks before 
inoculation.  The  enhanced  suitability  of  the  lactose-fed  animals 
was sometimes shown by both increased inoculation percentage and 
more vigorous proliferation of the tumors, at other times by rapid 
growth alone, the percentage in the latter case being similar to that 
obtaining for the controls.  If these findings were applicable to all 
propagable neoplasms, the authors point out, it might be possible to 
rescue a poorly growing tumor, or to obtain large amounts of tissue 
for  experimental purposes;  it  is  evident,  also,  that  the  labor  and 
expense incidental to adapting spontaneous new growths for trans- 
plantation could be materially curtailed by the simple expedient of 
keeping on hand a number of lactose-fed animals, a possibility which 
demanded the fullest investigation. 
Unfortunately, the various carcinomata employed in the following 
experiments do not appear to be stimulated by the administration of 
lactose,  although  this  was  given  in  some  instances  throughout  a 
period much longer than that regarded by Van Alstyne and Beebe as 
sufficient; hence,  transplantable  neoplasms must vary  in  regard  to 
their  sensitiveness toward  qualitative  differences  in  diet,  as  Rous  ~ 
1 Van Alstyne, E.  V.  N.,  and Beebe,  S.  P.,  Jour.  Med.  Research,  1913-14,  N. 
S.,  xxiv, 217. 
2 Rous,  P.,  Proc. N.  Y.  Path.  Soc., 1914, N.  S.,  xiv,  126; Jour.  Exper. Med., 
1914, xx, 433. 
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has shown they differ in respect of their reaction toward quantita- 
tive differences, or else the findings of these authors must be referred 
to  the  intervention of some uncontrolled  factor. 
Two objections may be urged against their experiments.  These 
are, first, that their rats may not have been of the same breed,  and 
consequently may not  have been  equally susceptible  to the tumor; 
and, secondly, that the Buffalo rat sarcoma is one of the most erratic 
of all the transplantable neoplasms now under investigation.  Thus, 
as Wood and McLean  3 have recently pointed out in a  communica- 
tion  from this  laboratory, it  frequently undergoes spontaneous ab- 
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TExT-FIG. I.  Experiment I.  Normal  untreated rats bearing the Buffalo rat 
sarcoma and divided  into two groups of twelve  each immediately  after inoculation. 
8  Wood, F. C., and McLean, E. H., Proc. Soc. Exper. Biol.  and Med., I914-I5, 
xii, 135. 768  Diet  and  Tumor  Growth. 
sorption ; again, its growth is irregular to the highest degree, as Text- 
figs. I, 2, and 3 will demonstrate.  These three figures, reproducing 
pages  from the book  in which the  routine transplantations of this 
tumor are charted, show how variable is its growth even in normal 
untreated rats of the same age and breed kept under similar condi- 
tions and  fed on the same diet, and, at the same time, suggest the 
employment of a more stable neoplasm for cancer research. 
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TExT-FIG. 2.  Experiment  2.  Normal  untreated rats bearing the Buffalo rat 
sarcoma and divided into two groups immediately  after inoculation. 
To rule out as far as possible the two variables just cited, the ex- 
periments  were  repeated  on  mice  of  the  same  breed,  and  with 
transplantable carcinomata, since these are generally somewhat more 
uniform  than  the  sarcomata  in  their  behavior.  Various  growths 
were employed, possessing this characteristic in common, that their William H.  Woglom.  769 
proliferative capacity was not of the highest; any stimulation, there- 
fore, howsoever slight, would become immediately apparent.  Among 
the mouse carcinomata, Crocker Fund tumors Nos.  15, 46,  and 58 
have an average  inoculation percentage of  about  6o,  grow  rather 
slowly,  and  sometimes undergo spontaneous absorption,  while  the 
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TExT-FI~. 3.  Experiment 3.  Normal untreated rats bearing the Buffalo rat 
sarcoma and divided into two groups immediately  after inoculation. 
Ehrlich carcinoma  (Ehrlich's "'Stature  33")  grows in  from 7  °  to 
IOO per cent of engrafted animals,  and does not often retrogress. 
Two spontaneous mammary carcinomata, Nos. 36 and 46, were also 
used, and, finally, the Flexner-Jobling rat adenocarcinoma, with an 
inoculation percentage of from 50 to  IOO, moderate growth energy, 
and a  rather pronounced tendency to regress. 
The lactose added in these experiments to the regular laboratory 
regimen of bread and vegetables was given in lard, sufficient of this 770  Diet  and  Tumor  Growth. 
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15  TExT-FIG.  4.  Experiment  4.  BE'  Nos.  I  to  22,  normal  control  mice;  aver- 
age  weight  15  gin.  Nos.  23  to  41,  mice  fed  with  lactose  for  about  six  months; 
average  weight 22  gm.  Both  groups  inoculated  in  the  right  axilla  with  0.02  gin. 
of tumor by the needle method. William  H.  Woglom.  771 
Experiment 4.--(Text-fig. 4.)  Only one mouse  (No. 23)  among the  lactose- 
fed  had  a  larger  tumor  than  the  controls,  while, totally  cancelling  this  almost 
negligible difference, the inoculation percentage  was a little  higher  in the control 
series.  If the lactose exerted  any effect at all in this group,  and  in Experiment 
(5,  it  was  merely  to  make  older  mice almost  or  quite  as  susceptible  as  their 
younger controls,  a  receptivity  far  below  that  described  by Van  Alstyne  and 
Beebe.  The tumor in No. 25 was intra-abdominal,  a fact which accounts for its 
late discovery. 
Experiment 5.--(Text-fig.  5.)  Here  the  tumors  in  the  control  mice were 
larger  than  those  in  the  lactose-fed,  the  inoculation  percentage  being  identical 
in the two series. 
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TExT-Fro. 5.  Experiment  5.  o~-" Nos. I to 6, normal control mice; average 
weight 27 gm.  Nos. 7 to 12, mice fed with lactose for about six months ; average 
weight 25 grn.  Both groups inoculated in the right axilla with o.o2 gm. of tumor 
by the needle method. 
mixture being put into the cages to have some still  remaining at the 
next feeding, and it was continued in each case until the termination 
of the experiment;  the  controls  received only bread and  vegetables. 
Save  for  this  difference  in  food,  the  lactose-fed animals  and  .their 
controls were kept under identical conditions throughout.  Ingestion 
of the  lactose  was  proved,  for the  rats  at  least,  by examination  of 
the stomach contents (Experiment  12), those of the group  fed with 
this.  substance  reducing Fehling's  solution  in  every case,  a  reaction 
which did not take place in any of the controls.  Except in  Experi- 772  Diet  and  Tumor  Growth. 
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Experiment 6.--(Text-fig. 6.)  Between the two groups there was but slight 
difference, either in the rate at which the tumor had grown or in the inoculation 
percentage. 
Experiment 7.--(Text-fig. 7.)  In this experiment the tumors in the lactose- 
fed were a  little larger than those in the controls, but the inoculation percentage 
was about the same. 
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EC  TExT-FIG. 7.  Experiment 7.  9-~"  Nos. I  to IO, normal control mice.  Nos. 
I1  to 24, mice fed with lactose  for about two months.  Both groups  inoculated 
in the right axilla with o.oi gin. of tumor by the needle method.  On account of 
an oversight, the mice of this experiment were not weighed. 
ments  4,  6,  and  I2,  the  weights  of  the  animals  were  approximately 
equal.  In 4  and  6,  however,  the  controls set aside at  the beginning 
of the experiment  had to be replaced by younger animals of the same 
breed, as they had all died when the time came  for inoculation.  For 774  Diet  and  Tumor  Growth. 
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TExT-FIG.  8.  Experiment 8.  9~"  Nos.  I  to  18, normal control mice;  aver- 
age  weight  15  gm.  Nos.  19  to  36,  mice  fed  with  lactose  for  about  one  month. 
Average weight  17 gin.  Both groups  inoculated in the right axilla with o.o2  cc. 
of a  tumor emulsion by the syringe method. William  H.  Woglom.  775 
Experiment &--(Text-fig. 8.)  The tumors were somewhat larger in the con- 
trol  mice,  and  the  inoculation  percentage  was  practically  similar  in  the  two 
groups. 
Experiment 9.--(Text-fig.  9.)  Here  the  tumors  were  a  trifle  larger  in  the 
lactose-fed  series,  though the inoculation percentages were  approximately equal. 
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TExT-FIG.  9.  Experiment 9-  ~-~-- Nos.  I  to  IO, normal control mice;  aver- 
age  weight  16  gm.  Nos.  II  to  22,  mice  fed  with  lactose  for  about  six  weeks; 
average  weight  17 gin.  Both groups  inoculated  in  the  right axilla with 0.02  co. 
of a  tumor emulsion by the syringe method. 
Experiment  I2  it  was  not  possible  to  get  rats  of  exactly  the  same 
size;  here,  however,  the  lactose-fed  group  was  the  younger. 
Summing up,  it appears that  in a  total of nine  experiments  com- 
prising  I2 3  lactose-fed  animals  and  Io9  controls,  the  tumors  were 776  Diet  and  Tumor  Growth. 
Experiment  Io.--(Text-fig.  IO.)  This  is  the  only  one  of  the  entire  series 
which would even suggest  that a  diet  containing  lactose may render  an  animal 
more suitable for tumor growth.  Of seventeen lactose-fed mice which lived long 
enough to appear  in the final reckoning, three  had fairly large  neoplasms, while 
not one of the twelve controls  developed a tumor. 
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TExT-FIG. I0.  Experiment  IO.  46  Nos.  I  to  5,  mice  fed  with  lactose  for 
I 
about  six  weeks;  average  weight  16  gin.  The  average  weight  of  the  control 
mice was also  16 gm.  Both groups  inoculated  in  the  right axilla  with  o.oi gm. 
of tumor by the needle method. 
slightly larger or the inoculation percentage a  trifle higher in the lac- 
tose-fed mice  in three,  in  the  control mice in  three,  and  in three no 
difference  could  be  discerned  between  the  two  groups.  Such  an 
even distribution makes it almost certain that the addition of lactose 
to  the  diet  did  not in  the  slightest  affect the  growth of  the  tumors 
employed, and intimates, though of course it does not prove, that the 
findings published by Van Alstyne and Beebe may have been the out- 
come of  chance. 
Other  substances  beside  lactose  have  been  brought  recently  into 
connection with  tumor  growth.  Robertson  and  BurnetP  have  as- 
4Robertson,  T.  B.,  and  Burnett,  T.  C.,  Proc.  Soc.  Exper.  Biol.  and  Med., 
1912-13, x,  59,  14o.  Burnett,  T.  C., ibid., 1913-14, xi, 42;  1914-15, xii, 33.  Rob- 
ertson  and Burnett,  Jour. Exper.  Med., 1913, xvii, 344. William  H.  Woglom.  777 
Experiment zz.--(Text-fig. II.)  This experiment reverses the findings of the 
previous  experiment,  since  the  only tumors  which  were  found  occurred  in  the 
controls.  Both,  however,  were  much  smaller  than  the  three  mentioned  in  Ex- 
periment  IO. 
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TExT-FIe. II.  Experiment II.  36__. Nos. I  and 2, normal control mice; aver-  i 
age weight 22 gin.  The lactose mice, which averaged 24 gm. in weight, had been 
fed with lactose for about six weeks.  Both groups inoculated  in the right axilla 
with 0.o2 gm. of tumor by the needle method. 
serted,  for example, that cholesterol acts as a stimulus when injected 
into the tumor or even when introduced subcutaneously at a  remote 
point.  Now,  while  this  may or may not be true,  the authors have 
fallen into an error which Van Alstyne and Beebe carefully avoided, 
the only too common error of confusing tumor growth with  tumor 
genesis.  In  other  words,  they have  extended  their findings  to  ex- 
plain  the  constantly increasing  tendency toward  neoplasia  which  is 
associated with advancing age, and have ascribed it to an accumula- 778  Diet  and  Tumor  Growth. 
Experiment I2.--(Text-fig. 12.)  There is no difference between the two groups', 
either  as  regards  the size of the tumors,  or the  inoculation  percentage,  notwith- 
standing  the fact that the lactose-fed  rats  were younger than the controls. 
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TExT-FIG. 12.  Experiment  12.  3E  "  Nos. I to 9, normal control rats ; aver- 
age  weight  65  gm.  Nos.  IO to  17,  rats  fed with  lactose  for about  six  weeks; 
average weight 52 gm.  Both groups  inoculated in the right axilla  with o.02 gm. 
of tumor by the needle method. 
tion of cholesterol within the organism.  Such a broad assumption is 
scarcely warranted by any of the data which it has been possible so 
far  to  accumulate;  indeed,  all  the  evidence  points  to  an  opposite 
conception--that the conditions responsible for the origin of a  tumor 
differ widely from those necessary for its continued growth, once it 
has developed.  This hypothesis, accepted by both Bashford and Ehr- 
lich,  rests  on  the  complementary  observations  that  spontaneous William  H.  Woglom.  779 
tumors sometimes arise in mice known to be refractory to transplant- 
able growths, and that grafts  succeed much more readily in young 
than  in  old  animals,  although  it  is  in  the  latter  that  spontaneous 
neoplasms originate in the great majority of instances. 
SUMMARY. 
Lactose does not increase the receptivity of mice and rats  for the 
transplantable carcinomata of their species. 